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disposed between an outer housing 14 and a filter element 1 6. The inner housing 1 2 and the outer housing 1 4 may be 
formed of any desired synthetic resins including polycarbonate, polypropylene, polyethylene, styrene-butadiene (SB) 
resin, and methylene-butadiene styrene (MBS) resin. These components are preferably transparent to allow easy 
observation of the contents in the housing. 
5 [0020] The outer housing 1 4 is preferably fonned of two sections, a top section 18 and a bottom section 20 which . 
are joined together with a liquid-tight seal after the inner housing 1 2 and the filter element 1 6 are inserted into the outer 
housing 14. Preferably, the upper portion of the top section 18 is shaped to be slightly dome-shaped or conical which 
serves as a containment field for the blood. An air vent 23 is provided at the uppemiost portion of the top section 18 as 
shown in Figure 1. 

10 [0021] The blood enters the top section 1 8 of the outer housing 1 4 via a blood inlet conduit 22 which !s located on 
the outer circumferential surface 28 of the top section 18. This blood inlet conduit 22 is oriented and positioned so that 
rt protrudes along a line that is roughly tangential to the inner circumferential surface of the top section 18 of the outer 
housing 14. Stated differently, the central axis of the blood inlet conduit 22 is generally tangential to the inner circumfer- 
ential surface of the top section 18 of the outer housing 14. This allows the blood flowing into the outer housing 14 

15 through the blood inlet conduit 22 to fonii a swirling flow in one direction along the inner circumferential surface of the 
top section 1 8, as shown with reference to Figure 3, to promote centripetal flow. Centripetal flow of the blood is advan- 
tageous in that it helps facilitate air removal. However, it should be understood that the central axis of the blood inlet 
conduit 22 may be positioned at other angles, and may be perpendicular to the inner circumferential surface of the top 
section 18 of the outer housing 14. In addition, the blood inlet conduit 22 may also be angled upward or downward. 

20 Advantageously, if the blood inlet conduit 22 is angled upward, more bubbles will be forced upwardly through the air vent 
23 positioned at the upper end of top section 18 of the outer housing 14, thereby promoting more air removal. In con- 
trast, if the conduit 22 is angled downward, the bubbles may be forced down through the fitter material instead of flowing 
up and being purged out. 

[0022] Preferably, the blood inlet conduit 22 is located about midway along the length of the top section 18 of the 

25 outer housing 14. This allows bubbles in the blood more time to rise and be purged prior to the blood entering the filter 
element 1 6. The inner diameter of the blood inlet conduit 22 should be preferably as large as possible to avoid an exces- 
sive pressure drop across the filter 10 and to minimize the shear forces as the blood enters the outer housing 14. 
[0023] With reference to Figures 1 , 2, and 4, the inner and outer diameters of the top section 1 8 of the outer housing 
14 gradually Increase in the top to bottom direction, with the uppermost portion of the top section 18 of the outer hous- 

30 ing 14 having a conical or funnel-like shape that points upwards. As mentioned above, an air vent 23 is provided as a 
protruding tip at the uppermost end of the top section 18 of the outer housing 14 for discharging gases that are pro- 
duced when air bubbles are separated and removed from the blood being filtered. Further, although not specifically 
illustrated, the vent 23 is typically connected to a three way stop cock for use therewith. As is well known in the art, a 
stop cock is a device that is attached to the luer port of the arterial filter i.e. the vent, and typically includes three valves. 

35 A first valve extends downwardly, and is connected to the air vent 23. A second valve extends upwardly from the first 
valve in the opposite direction, and is attached to a small diameter tube. whk:h is known as a purge line for purging air 
from the arterial fitter. The purged air and blood flow through this line to the cardiotomy resen/oir. This line can be used 
to prime the arterial filter and is typically left open during a cardiopulmonary bypass procedure for continuous purging 
of the arterial filter, although it may be closed or opened as needed during the procedure. A third valve is positioned 

to perpendicular to the first and second valves, and typically remain unused during the procedure. 

[0024] With reference to Figure 1 , the bottom section 20 of the outer housing 1 4 is shaped to receive and be joined 
to the lower end of the top section 1 8 of the outer housing 14 by an adhesive, to thereby form an integrated, liquid tight 
outer housing 1 4. The upstanding wall of the bottom section 20 surrounds a surface 25 of the bottom section 20 that is 
substantially planar. The bottom section 20 of the outer housing 14 is provided with a blood outflowing section 27, the 

IS tip of whteh protrudes to form a blood outlet 29. Preferably, the blood outlet 29 and the vent 23 are aligned with the cen- 
tral axis 31 of the outer housing 14. 

[0025] In order to assemble the top section 18 to the bottom section 20, adhesive is applied to the bottom section 
20, and the top section 18 Is placed on and sealed to the bottom section 20. However, in order to lock the top section 
1 8 into a predetermined orientation with respect to the bottom section 20, and to prevent the top section 1 8 from rising 
w in the adhesive, the top section 18 and the bottom section 20 include complementary elements fomiing an attachment 
mechanism. This attachment mechanism keeps the top section 18 fixed to the bottom section 20 during curing of the 
adhesive. 

[0026] One part of the attachment mechanism involves protrusions 24 provided on the top section 1 8. As shown in 
Rgure 2. the protrusions 24 extend radially outwardly from the bottom portion of the outer surface of the top section 1 8 
s and are spaced apart from one another. Also, all of the protrusions 24 tie in a common plane. In the illustrated embod- 
iment, there are eight protrusions 24, equally spaced about the bottom outer circumferential surface 26 of the top sec- 
tion 18, although more or less protrusions can be provided. Two of the eight protrusions are formed as L-shaped 
protrusions 24', only one of which is shown in Figure 2. The two L-shaped protrusions 24' are located diametrically 
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opposite one another at the bottom of the top section 1 8. 

[0027] As seen in Rgure 7, another part of the attachment mechanism involves a plurality of spaced apart ledges 
39 disposed on the inner surface of the side wall 33 of the bottom section 20. The ledges 39 are directed radially 
inwardly and are equal in number to the number of protrusions 24 on the top section 18. Also, the ledges 39 are spaced 
5 apart at intervals equal to the interval of spacing between the protrusions 24 on the top section 1 8, and all of the ledges 
39 lie In a common plane. 

[0028] When the top section 1 8 is inserted into the bottom section 20 with the two sections disposed in a particular 
orientation relative to one another, the radially inwardly directed ledges 39 on the bottom section 20 are located relative 
to the radially outwardly directed protrusions 24 on the top section 1 8 such that when the top and bottom sections 1 8, 
10 20 are rotated, the radially outwardly directed protrusions 24 on the top section 18 slide below the radially inwardly 
directed ledges 39 on the bottom section 20. 

[0029] To facilitate proper orientation of the top and bottom sections 18, 20, the bottom end surface 19 of the top 
section 18 is provided with an elongated slot 21 . The elongated slot 21 extends circumferentialty along a portion of the 
bottom end surface 19 of the top section 18 from a point immediately adjacent one of the L-shaped protrusions 24*. As 
15 can be seen from Figure 2, the bottommost part of the outer circumferential surface 26 of the top section 1 8 is also 
slightly recessed radially inwardly, from the remainder of the outer surface 28 of the top section 1 8 to allow for the adhe- 
sive to enter between the recessed bottommost part of the top section 18 and the bottom section 20. 
[0030] To further aid in the proper assembly of the top and bottom sections 1 8,20, the bottom section 20 is prefer- 
ably provided with a plurality of axially upwardly extending raised sections 35. These raised sections 35 are spaced 
. apart from one another and are located along a circle having a diameter that is substantially equal to the diameter of 
the bottom end surface 1 9 of the top section 18. This means that when the top section 18 is inserted into and property 
oriented with respect to the bottom section 20, the bottom end surface of the top section 1 8 rests or sits on the raised 
sections 35. 

[0031] As shown in Figure 8, the raised sections 35 are positioned between adjacent pairs of the ledges 39 with 
25 respect to the circumferential direction. The raised sections 35 provide gaps between the top section 1 8 and the bottom 
section 20 for adhesive, thus providing a stronger bond between the top section 1 8 and the bottom section 20. All but 
one of the raised sections 35 possess the same height, with the remaining raised section 35' possessing a height that 
is greater than the height of the other raised sections 35. 

[0032] During assembly, the top section 1 8 is placed on the bottom section 20 such that the raised section 35' hav- 
30 ing the greatest height is received in the slot 21 in the bottom end surface 19 of the top section 18. When the raised 
section 35' possessing the greatest height Is received in the slot 21 in the bottom end surface 19 of the top section 18, 
and upon rotating the top and bottom sections 1 8, 20 relative to one another, the radially outwardly directed protrusions 
24 on the top section 18 are able to slide below the radially inwardly directed ledges 39 on the bottom section 20, 
thereby causing the top and bottom sections 1 8, 20 to be secured together. The protrusions 24 are able to slide below 
35 the ledges 39 because when the raised section 35' possessing the greatest height is received in the slot 21 , the relative 
axial positioning of the top and bottom sections 18, 20 is such that the plane in which the radially outwardly directed 
protrusions 24 lie is disposed below the plane In which the radially inwardly directed ledges 39 lie. The positioning of 
the highest raised section 35' within the slot 21 in the bottom end surface 19 of the top section 18 allows the top and 
bottom sections 18, 20 to be secured together relative to one another in one and only one manner that defines a specific 
relative orientation between the two sections 1 8, 20. 

[0033] The top and bottom sections 1 8, 20 are unable to be secured together in other relative orientations because 
when the raised section 35' possessing the greatest height is not positioned within the slot 21 , the bottom end surface 
1 9 of the top section 18 rests on the raised section 35' possessing the greatest height In this situation, the relative axial 
positioning of the top and bottom sections 18, 20 is such that the plane in which the radially outwardly directed protru- 
45 sions 24 lie is coplanar with the plane in which the radially inwardly directed ledges 39 lie. Thus, when the top and bot- 
tom sections 18, 20 are rotated in this situation, the radially outwardly directed protrusions 24 on the top section 18 
contact the radially inwardly directed ledges 39 on the bottom section 20 and are not property positioned to slide below 
the radially inwardly directed ledges 39. 

[0034] As mentioned above, once the raised section 35* possessing the greatest height Is received in the slot 21 , 
so the top section 1 8 can be axially positioned relative to the bottom section 20 in such a manner that, upon rotating the 
two sections 1 8, 20, the radially outwardly directed protrusions 24 on the top section 1 8 are able to slide below the radi- 
ally inwardly directed ledges 39 on the bottom section 20. The two section 1 8, 20 can be rotated relative to one another 
until the upper leg of the two L-shaped protrusions 24' abut against respective side wall ledges 39 on the bottom section 
20. When the radially outwardly directed protrusions 24 on the top section 18 slide below the radially inwardly directed 
55 ledges 39 on the bottom section 20, the top and bottom section 18, 20 are axially fixed relative to one another. Thus, 
these respective attachment portions prevent the top section 18 from rising in the adhesive during curing. That is, the 
top and bottom sections do not move relative to one another during curing of the adhesive. It should be recognized that 
the top section 18 and the bottom section 20 may include other features to aid in proper assembly of the outer housing 
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1 4. For instance, the top section 1 8 and the bottom section 20 may include assembly features similar to those described 
in U.S. Patent No. 5.618,425, to Mitamura et al., the entire disclosure of which is incorporated herein by reference. 
[0035] The filter element 16 is located inside the inner housing 12 for filtering air bubbles and foreign substances 
that have been mixed with the blood, as shown with reference to Figures 1 and 4. The filter element 16 may be com- 

5 prised of materials that are acceptable for contact with blood and provide adequate filtration. 

[0036] Preferably, the filter element 1 6 is comprised of three layers of material. The innermost and the outermost 
layers are fabricated from the same material and provide support, with the pore size of the filter material preferably 
being between about 200-1500 ^im. However, it should be understood that the innermost and outermost layers maybe 
fabricated from material having different pore sizes. The middle layer should be made from a finer material for filtration, 

w that Is material that Is capable of filtering out smaller particles than the other layers. In the prefen-ed embodiment, the 
middle layer is made from a polyester woven material, with the pore size of the filter material being between about 20- 
40 \Lm. 

[0037] The filter element 16 is pleated, cut. and welded into the appropriate size, preferably, a conical shape (i.e., 
the outer diameter of the filter element decreases from the bottom to the top). This shape helps reduce the priming vol- 
15 ume and makes the whole blood filter 1 0 easier to prime. A filter element 1 6 that may be used in the blood filter of the 
present invention is described in U.S. Patent No. 5.618,425. However, a cylindrical shaped filter element may also be 
used. 

[0038] With reference to Figures 1. 5, and 6, the inner housing 12 is disposed between the outer housing 14 and 
the filter element 1 6. The inner housing 1 2 possesses a generally cytindrica! shape, and extends the entire length of the 
20 filter element 1 6. Preferably, the outer diameter of the inner housing 1 2 decreases in a direction from the bottom to the 
top. The inner housing 12 functions to hold and support the filter element 16. In addition, the inner housing 12 functions 
to promote gentle flow of the blood, and to regulate the pressure drop within the filter 10. Instead of the fluid coming in 
direct contact with the filter element 1 6 at high shear rates, the flow of the blood entering the filter is reduced by the inner 
housing 12. 

25 [0039] The inner housing 1 2 has openings at both its top and bottom for the inflow of fluid. With reference to Figures 
6 and 6, a plurality of openings 42 are disposed along the bottom outer circumferential surface of the inner housing 12. 
Preferably, the openings 42 consecutively and gradually Increase in size from smallest to largest, with the smallest 
opening being positioned such that it is substantially closest to the blood inlet conduit 22 with respect to the circumfer- 
ential direction of inflowing blood. That is, the smallest opening is positioned almost directly below the point at which the 

30 blood inlet conduit 22 opens into the interior of the housing. 

[0040] The smallest opening 42 is located closest to the blood inlet conduit 22 with respect to the direction of blood 
inflow because the area around the blood inlet conduit 22 Is a high pressure area. Also, the largest opening 42 is 
located furthest from the blood inlet conduit 22 with respect to the direction of blood inflow. By having the largest open- 
ing located away from the blood inlet conduit 22 with respect to the direction of blood inflow, the pressure between the 

35 inner housing and the outer housing decreases as the fluid flows around the housing. In addition, if large amounts of 
air enter the arterial filter from the oxygenator, the majority of the air is able to flow up toward the top of the housing and 
not direaiy to the filter element 16, By having the smaller openings nearer the blood inlet conduit 22, this helps prevent 
air from going directly into the filter element 1 6. The advantage of increasing the size of the holes at the bottom of the 
inner housing 12 is to regulate the pressure drop. 

40 [0041] In the preferred embodiment, there are ten U-shaped openings 42 with the height of the openings 42 being 
substantially the same and the width of the openings 42 at the bottom increasing in size from approximately 3 mm to 
1 2 mm. However, a different number of openings may be provided and the openings 42 may be of a different size than 
that mentioned above, preferably so long as there is substantially an equal pressure drop across the filter 1 6 itself. 
[0042] Also, if the area of the openings 42 at the bottom is not sufficient, blood may not be able to drain from the 

45 bottom. As a result, blood contained between the inner housing 12 and the outer housing 14 may drip over the side of 
the inner housing 12, possibly creating bubbles such as when the inner housing 12 is less than full. Thus, the area of 
the openings 42 at the bottom should be selected to avoid such an occurrence. Preferably, the combined surface area 
of the openings 42 is greater than 2 cm^. 

[0043] The inner housing 1 2 also has openings 51 at its top through which a majority of the blood flows. Preferably, 
50 the openings 51 are defined between the inner housing 12 and a filter cap 43 which is attached to the top of the filter 
element 16 and holds the top of the filter element 16 in place, thereby inhibiting or preventing the filter element 16 from 
collapsing due to clotting or high flow rates. The cap 43 is generally conically shaped with a peak at its center 45 which 
assists in air removal by directing the vortex created by the centripetal flow motion to the middle of the top section 18 
of the outer housing 1 4 and out through the vent 23. 
55 [0044] The cap 43 is preferably circular in shape and is affixed to the top surface of the filter element 1 6 by adhe- 
sive. Polyurethane is a prefen-ed adhesive but others can also be used. In the prefen-ed fonn of the invention, the cap 
43 and the inner housing 12 are integrally formed in one piece as a unitary structure. The cap 43 and the inner housing 
12 can be molded together and are fomied to provide the plurality of openings 51 , with adjacent pairs of openings 51 
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being separated by connecting ribs 49. The openings 51 , which are illustrated as being three in number but which can 
be a greater or lesser number, are designed to allow blood to flow into the interior of the inner housing 12, The cap 43 
and the inner housing 12 may define, for example, three arcuate openings 51 for the flow of blood, with each arcuate 
opening being located between adjacent pairs of ribs 49. The combined surface area of the openings 51 is preferably 
5 greater than 2,0 cm^. Also, it is possible to fabricate the cap 43 and the Inner housing 12 separately and to then connect 
the two together in a way that provides the openings 51 . 

[0045] The inner housing 12 allows for additional bolus air removal. If a large amount of air is introduced into the 
filter 1 0, the fluid volume within the filter 1 0 will decrease. If the fluid volume decreases below the top level of the open- 
ings 51 , fluid can still enter the filter element 16 through the bottom openings 42. Moreover, as the blood flows through 
10 the blood inlet conduit 22, instead of the blood coming In direct contact with the filter element 16, the blood comes In 
contact with the outer wall of the inner housing 12. In addition, centripetal flow Is improved, while more time is provided 
before the bubble point of the material is reached. 

[0046] To affix the inner housing 1 2 to the outer housing 1 4, the lower circumferential surface 54 of the inner hous- 
ing 1 2 protrudes outwardly slightly in the radial direction and is received in an annular groove 56 disposed in the bottom 

15 section 20 of the outer housing 1 4, as shown with reference to Figures 1,5,7, and 8. Preferably, the groove 56 extends 
a little less than 360^, with the distance d between the adjacent ends of the groove 56 as shown in Rgure 8 being 
approximately equal to the width of the largest opening 42 of the inner housing 12, This allows the inner housing 12 to 
be placed in only one orientation relative to the bottom section 20 to thereby strategically align the smallest opening with 
the blood inlet conduit 22. That is, as mentioned above, the engagement between the highest raised section 35' and the 
slot 21 ensures that the top section 18 of the outer housing is positioned in one particular orientation with respecttothe 
bottom section 20 of the outer housing 14. The way in which the largest opening 42 of the inner housing 12 straddles 
the distance d between the ends of the groove 56 ensures that the inner housing 12 is positioned in one particular ori- 
entation with respect to the bottom section 20 of the outer housing 14. As a result, the inner housing 12 is positioned 
relative to the top section 18 of the outer housing 14 so that the smallest opening 42 in the bottom of he inner housing 

25 1 2 is located closest to the blood inlet conduit 22 with respect to the circumferential or blood inflow direction. 

[0047] Disposed along the outer edge of the groove 56 are preferably a pluralrty of inwardly directed ribs 58 for 
engaging (e.g., snap locking) and holding the inner housing 12 in place. In the prefen-ed embodiment, there are seven 
ribs 58 disposed about the annular groove 56, as shown with reference to Figure 8. The ribs 58 are designed to engage 
the outwardly protruding lower surface 54 of the inner housing 12. The inner housing 12 with the filter element 16 are 

30 permanently attached to the bottom section 20 by an adhesive, RF heating, or the like. Preferably, polyurethane is the 
adhesive used. The ribs 58 prevent the inner housing 12 from rising in the polyurethane during curing. 
[0048] To assemble the blood filter 1 0, adhesive is applied to the planar top surface of the bottom section 20. The 
inner housing 12 is pressed into the adhesive filled groove 56 in the specific orientation, while the filter element 16 is 
attached to the planar surface 25 of the bottom section 20. To prevent the adhesive from flowing into the outlet conduit 

35 29, the blood outflow section 27 includes a raised annular portion 40 as seen with reference to Figures 1 and 8. The 
outer diameter of the raised annular portion 40 is smaller than the inner diameter of the filter element 16. 
[0049] Once the inner housing 12 is locked into place relative to the bottom section 20, the top section 18 Is placed 
on the bottom section 20, and it then rotated and locked in place in the manner described above. The bottom end of the 
top section is thus placed in the adhesive. Once the filter 1 0 is assembled, the filter 1 0 may be integrated as part of an 
extracorporeal circuit for treatment of blood as disclosed in U.S. Patent No. 5,618,425. 

[0050] With reference to Figure 9, the extracorporeal circuit may include a blood reservoir 70, a roller pump 72. a 
heat exchanger 74, an oxygenator 76, and the filter 10 according to the present invention. A first tube 78 connects a 
vein of a patient 80 to the blood reservoir 70. A second tube 82 connects the blood reservoir 70 to the roller pump 72. 
A third tube 84 connects the roller pump 72 to the heat exchanger 74. A fourth tube 86 connects the oxygenator 76 to 
45 the inlet conduit 22 of the filter 1 0. A fifth tube 90 connects the outlet conduit to the artery of the patient, typically the 
aorta. 

[0051] Blood taken from the vein of a patient 80 is transferred from the first tube 78 to the blood reservoir 70. The 
roller pump 72 is then actuated to transfer the blood through the second tube 82 and the third tube 84, to the heat 
exchanger 74. Upon exiting the heat exchanger 74, the blood flows into the oxygenator 76, where the blood is oxygen- 

50 ated and carbon dioxide contained therein is removed. 

[0052] The blood then flows through the fourth tube 86, and enters the filter 10 through the inlet conduit 22. The 
inlet conduit 22 is positioned in a manner to direct the flow in a circular manner to aid in the removal of any air that is 
mixed with the blood. The blood flows around the inner housing 12 with some blood entering the filter element through 
the openings 59 located in the top of the inner housing 12, and some blood entering through the bottom openings 42. 

55 The flow is directed to the top due to centripetal forces created by the location of the inlet conduit 22. In the case where 
the blood is mixed with bubbles, buoyancy forces these bubbles to float up towards the top section 1 8 while they move 
in a swiriing motion. Upon reaching the vent 23. the bubbles are discharged to the outside of the filter 10. 
[0053] It is to be noted that the use of the apparatus according to the present invention is not limited to the blood 
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filter as shown in the Figures, and can be utilized for other medical purposes. 
EXAMPLE 

5 [0054] An exemplary embodiment of a filter according to the present invention can have dimensions along the order 
discussed below. It is to be understood that the present invention is defined by the appended claims and not the specific 
details of this Example. 
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Inside diameter of the blood inlet: 


9.30 mm 


Inside diameter of the blood outlet 


9.30 mm 


Inside diameter of the vent: 


4.32 mm 


Outer diameter of the top section of the outer housing: 


66.77 mm 


Height of the top section of the outer housing: 


95.11 mm 


Outer diameter of the bottom section of the outer housing: 


72.00 mm 


Diameter of the annular groove in the bottom section of the outer housing: 


56.00 mm 


Distance from bottom of the top section to blood inlet conduit: 


35.00 mm 


Diameter of the filter cap: 


46.80 mm 


Outer diameter of the filter element 


44.40 mm 


Height of the inner housing: 


65.00 mm 


Height of the openings in the inner housing: 


10.00 mm 


Diameter of the inner housing: 


53.90 mm 



30 

[0055] The inner housing 12 of the filter 1 0 according to the present invention provides for non turbulent flow of the 
blood through the filter element 1 6. By providing a barrier between the outer housing 14 and the filter element 16, the 
fluid will not come in direct contact with the filter element 16, but will come into contact with the outer wall of the inner 
housing 12. Thus, instead of the fluid coming in direct contact with the filter element 16 at high shear rates, the flow of 
35 the blood entering the filter element 16 is reduced by the openings located at the top and bottom of the inner housing 
1 2. Therefore, the flow of the fluid that passes through the filter element 1 6 is gentle. The inner housing 1 2 also advan- 
tageously provides support for the filter element 16, preventing the filter element 16 from collapsing and blocking the 
blood outlet 29. 

[0056] The principles, preferred embodiment and manner of use of the present invention have been described in 
40 the foregoing specification. However, the invention which is intended to be protected is not to be construed as limited to 
the particular embodiment described. Further, the embodiment described herein is to be regarded as Illustrative rather 
than restrictwe. Variations and changes may be made by others, and equivalents employed, without departing from the 
spirit of the present invention. Accordingly, it is expressly intended that all such variations, changes and equivalents 
which fall within the spirit and scope of the invention be embraced thereby. 
45 [0057] An arterial blood filter device for use during cardiovascular surgery. The device includes a outer housing hav- 
ing a top and bottom section, an inner housing, and a filter element. The fitter element is disposed within the outer hous- 
ing, and the inner housing is disposed between the filter element and the housing. The inner housing is separate from 
the outer housing and extends the entire axial length of the filter element Fluid enters the device through an inlet. The 
majority of the fluid then rises in a centripetal motion where any large air bubbles exit through a vent at the top section 
50 of the outer housing. The fluid then flows through openings in the top and bottom of the inner housing. After entering 
the inner housing, the fluid passes through a filter element, where filtration tal<es place, and exits through the bottom 
section of the housing through an outlet 

Claims 

35 

1 . An arterial blood filter, comprising: 

an outer housing having a first section and a second section, said outer housing including a blood inlet and 
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blood outlet; 

a vent formed in one of said first and second sections of said outer housing for discharging air; 
a filter element disposed within said outer housing for filtering blood; and . 

an inner housing disposed between said filter element and said outer housing, said inner housing extending 
5 substantially an entire length of said filter element and including at least one opening at a bottom surface of 

said inner housing. 

2. The arterial filter of Claim 1 , wherein said vent is formed in said first section, and said second section includes 
means for rotationally locating said inner housing in one position relative to the second section. 

10 

3. The arterial filter of Claim 1 . wherein said blood Inlet is tangentially disposed substantially midway along a side wall 
of said first section of said outer housing for introducing blood into the filter, and said blood outlet is disposed in a 
center portion of said second section of said outer housing. 

15 4. The arterial filter of Claim 1 , wherein said inner housing is fornied separately from said outer housing. 

5. The arterial filter of Claim 1 , further comprising a filter cap disposed on a top portion of said filter element and rigidly 
connected to said inner housing, and including arcuate openings provided between said fitter cap and said inner 
housing. 

6. The arterial filter of Claim 1 , wherein a bottom portion of said inner housing is glued to said second section of said 
outer housing. 

7. The arterial filter of Claim 1 , wherein said first section is a top section and said second section is a bottom section, 
25 said filter element including a hole extending along the axial extent of the filter element, said hole defining an inner 

diameter of the filter element, said bottom section of said outer housing including a raised first annular portion cen- 
trally disposed acQacent said outlet conduit, said first annular portion having a diameter that is smaller than the inner 
diameter of said filter element 

30 8. The arterial filter of Claim 2, wherein said first section is a top section and said second section is a bottom section, 
said bottom section of said outer housing including an annular groove that receives and supports a bottom portion 
of said inner housing. 

9. The arterial filter of Claim 1 , wherein said inner housing includes a plurality of openings disposed at the bottom sur- 
35 face of said inner housing. 

10. The arterial fitter of Claim 9, wherein said openings increase in size along a circumference of said inner housing. 

11. The arterial filter of Claim 1 0, wherein a smallest of said openings is disposed circumferentially closest to said blood 
inlet. 

12. The arterial filter of Claim 10, wherein said openings possess substantially the same height 

13. The arterial filter of Claim 9, wherein a combined surface area of said openings is greater than 2.0 cm^. 

45 

14. The arterial filter of Claim 1, wherein said filter element and said inner housing each have an outer diameter that 
increases from top to bottom. 

15. A system for processing blood, comprising: 

50 

a blood reservoir for connection to a vein of a patient; 
a pump for connection to said blood reservoir; 
an oxygenator for connection to said pump; and 

an arterial filter for connection to said oxygenator, said arterial filter comprising an outer housing having a top 
55 section and a bottom section, said outer housing including a blood inlet and blood outlet; 

a vent formed in said top section of said outer housing for discharging air; 
a fitter element disposed within said outer housing for filtering blood; and 

an inner housing disposed between said filter element and said outer housing, said inner housing extending 
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substantially an entire length of said filter element and including at least one opening at a bottom surface of 
said inner housing. 

16. The system of Claim 15, wherein said blood Inlet is tangentially disposed substantially midday along a side wall of 
5 said top section of said outer housing for introducing blood into the filter, and said blood outlet is disposed In a 

center portion of said bottom section of said outer housing. 

17. The system of Claim 1 5, further comprising a filter cap disposed on a top portion of said filter element and fixed to 
said inner housing, and including arcuate openings provided between said filter cap and said inner housing. 

10 

1 8. The system of Claim 1 5, wherein said filter cap is glued to a top portion of said filter element, and a bottom portion 
of said filter element is glued to said bottom section of said outer housing. 

19. The system of Claim 15, wherein said bottom section of said outer housing includes a raised annular portion cen- 
15 trally disposed adjacent said outlet conduit, said annular portion having an outer diameter that is smaller than an 

inner diameter of said filter element 

20. The system of Claim 1 5, wherein said inner housing includes a plurality of openings disposed at the bottom surface 
of said inner housing. 

20 

21. The system of Claim 20, wherein said openings increase in size along a circumference of said inner housing. 

22. A blood filter for use in an extracorporeal circuit, comprising: 

25 an outer housing provided with a blood inlet for introducing blood into the outer housing and a blood outlet 

through which filtered blood exits the outer housing; 

a blood filter element positioned within the outer housing to fitter blood that has entered the outer housing 
through the blood inlet, the blood filter element surrounding an exterior space that is in communication with the 
blood outlet; and 

30 an inner housing positioned between the outer housing and the blood filter element, said inner housing having 

an axial height at least equal to the axial height of said blood inlet. 

23. The blood filter of Claim 22, wherein said inner housing is formed separately from said outer housing. 

35 24. The blood filter of Claim 22, further comprising a filter cap disposed on a top portion of said blood filter element and 
fixed to said inner housing, and including arcuate openings provided between said filter cap and said inner housing. 

25. The blood filter of Claim 22, wherein said blood filter element includes a hole extending along the axial extent of 
said blood filter element, said hole defining an inner diameter of said filter element, said outer housing including a 

40 bottom section provided with a raised first annular portion centrally disposed adjacent said outlet conduit, said first 
annular portion having a diameter that is smaller than the inner diameter of said filter element. 

26. The blood filter of Claim 22, wherein said inner housing includes a plurality of openings disposed at the bottom sur- 
face of said inner housing 

45 

27. The blood filter of Claim 26, wherein said openings increase in size along a circumference of said inner housing. 



50 
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